Abstract-Electromyography (EMG) activity of muscles can help us to assess the muscular functions during daily activity. In this paper, we investigate the EMG based assessment of the muscles situated in dorsal side of human body. Specifically, two upper and lower back muscles named as erector spinae and trapezius muscles are investigated during the body movements involved in Islamic prayer (Salat). Several time and frequency domain features of the EMG signal were examined to find the significant variation in the muscles activity. Results show that, both muscles maintain a balance in terms of contraction and relaxation during bowing and prostration position of Salat. In addition, the frequency domain features indicate that, the lumbar spine muscle exhibits contraction in each alternate position during the prayer. The finding of the study may help to develop rehabilitation program for the senior citizens suffering from back pain that restrain them to perform obligatory Salat.
I. INTRODUCTION
Islamic prayer (Salat) is an obligatory daily life activity among Muslim population of the world. It is mandatory to pray five times a day. Salat is also one of the exercises of meditation and relaxation [1] [2] since, there are four positions with specific body movement required to complete Salat. These positions include standing, bending upper body (bowing), prostration and sitting in a unique posture. However, many adult Muslim citizens cannot perform Salat properly due to back pain and low back pain. Specifically, positions in Salat require a constant activity of lumber muscles. For example, among the four positions the bending requires almost 90 0 lumber flexion. Electromyography (EMG) based assessment has become one of the most popular therapeutic process of musculoskeletal system in human body. Using this assessment it is possible to identify the disorder in muscular functions more precisely. EMG has been used to assess the muscles actions during daily life activity involving body movements such as sitting, walking and weight lifting. The body movement during the prayer results a gentle exercise of the muscles in upper-limbs as well as lower-limbs of the body. In this study we investigate the electrical signal activity of muscles from the dorsal side of human body.
Several studies have investigated the EMG activity of frontal and dorsal muscles during Salat using time and frequency domain feature. Most of the studies have examined the time domain features to assess the muscle function during Salat. For example, the relationship of back pain and these two positions was also investigated by Safee et al. [3] . Root Mean Square (RMS) feature has been used to assess EMG activity. Biceps brachii (BB), tibialis anterior (TA), gastrocnemius femoris (GF) muscles during different position of Salat [4] . Using integrated EMG (IEMG), this study found the similar amount of muscle activity during Salat and some other physical exercise such as bowing and toe touching. Safee et al. investigated TA and lower limb muscles during Salat [5] . The amount of force and work done by some upper and lower limb muscles was estimated by using surface EMG in a study by Khanam et al. [6] , [7] . In addition, Ibrahim et al. studied the muscles activities during specific postures of Salat as well as in similar physical exercise [8] . RMS feature of EMG during Salat was investigated in both [6] and [8] . Frequency domain features such as mean frequency (MNF) and median frequency (MDF) were investigated in [7] . Medial and lateral gastronomies muscle activity during Salat was investigated by Safee et al. [9] . Only RMS feature was investigated in this study. Also, EMG activity during prostration in Salat and child's pose was examined and compared by Ibrahim et al. [10] . In addition to the above, the EMG activity was investigated for identifying lower back pain in the forward flexion of lumber paraspinal muscles (which is similar to bowing in Salat) by Watson et al. [11] . RMS feature of EMG was used in this study. Furthermore, Hardie et al. investigated the trapezius and erector spinae muscles activity for school bag carrying students [12] . RMS feature of EMG was used in this study. It was found that, those muscles were actively responding according to carrying load in different fashions. Apart from the above, Salleh et al. investigated the electroencephalogram (EEG) signal activity during Salat [13] . The study demonstrated the EEG spectral analysis on the specific position of Salat such as prostration.
In addition to the time domain features there are few frequency domain features which were investigated for the assessment of upper and lower back muscles. Roy et al. investigated MDF to assess the back muscle of the patients undergoing low back pain rehabilitation [14] . In addition, the muscle fatigue condition for the subjects working with repeated body bending was investigated by [15] , [16] . MNF feature of EMG signal was studied for back muscles.
Nevertheless, the frequency domain feature of EMG signal during Salat was not given much attention yet. Only one study [7] was found to investigate the MNF and MDF based features of EMG during Salat. However, only BB and erector spinae (ES) muscles were investigated in the study. The other important back muscles which have larger influence in the four positions of Salat were not considered. From the above relevant studies it can be realized that, most of the studies involving Salat investigated the RMS based feature of EMG signal. However, other time domain features such as, integrated EMG (IEMG), mean absolute value (MAV), variance (VAR) and zero crossings (ZC) were not given much attention. In addition, no study found to investigate both time and frequency domain features of EMG activity at the same time during Salat. In this paper we investigate the both time and frequency domain features of EMG activity in the trapezius (Trap) muscle and ES muscle during Salat. Results found in this study may be useful to develop rehabilitation program for those who experiences difficulty to perform Salat.
II. SUBJECTS AND METHOD
Five Muslim students participated voluntarily in this study. The mean (±Standard Deviation (SD)) of the subjects was 26.6(±4.6). No subjects reported in any type of back injury or long term diseases. All of the experiments procedures were conformed to the principles of the Declaration of Helsinki and were approved by the local Human Research Ethics Committee of the University.
A. Experiment Protocol
Subject was asked to perform a two-Rakat Salat with a fixed amount of time in four positions such as standing, bowing, sitting and prostration. In each position, subject was asked to be steady for 10 sec. and there was an inter-position gap of 5 sec. In addition, an inter-Rakat gap of 1 mint. was maintained. EMG data was recorded with three trials including an inter-trial gap of 5 mint.
B. EMG Data Acquisition
A two-channel SHIMMER (Model SHIM-KIT-004) EMG sensor was used to measure the signal. This sensor is a touch proof with Bluetooth facility. A sampling frequency of 1 KHz is used for EMG recording which is preamplified by a bandpass filter of frequency range 10-500 Hz. The distance between the EMG sensors and a Bluetooth enabled laptop was three feet. Two silver chloride (AgCl) surface electrodes were used; one for input and another one for reference or ground. The placement locations of electrodes were chosen as Trap and ES muscle to determine the EMG variability. The distance between the electrodes was considered as approximately 4 cm to avoid crosstalk signal coming from neighbouring muscle as shown in Fig. 1 . After the acquisition, the EMG data was processed offline by windowing and filtering the extracted signal. Signal processing was performed using MATLAB ® software. The normalized EMG amplitude was calculated for further analysis of mean and SD values. After recording, statistical analysis was performed using Minitab ® software. Significance differences in the EMG amplitude were detected through repeated-measures analysis of variance.
III. EMG SIGNAL ANALYSIS

III. EMG SIGNAL PROCESSING
In this study we investigate both time domain and frequency domain features of EMG signal acquired from the Trap and ES muscles.
A. Time domain feature
There are several time domain features available in the literature. For example, a brief review on time domain EMG features has been discussed in [17] . In this study we investigate IEMG, MAV, RMS, VAR and ZC features of EMG signal. These features will be calculated as follows. 
where k e represents the k-th sample of EMG signal and N denotes the length of the signal. With the similar notations, 
B. Frequency domain feature
Frequency domain features considered in this study are mean frequency (MNF) and median frequency (MDF). First, we use short time Fourier transforms (ST-FT) including a regular window to transform EMG signal from time domain to frequency domain. The method utilizes a sliding window instead of whole data and, it was found useful in EMG signal recorded in dynamic contraction environment. Details of window calculation can be found in [18] . Next, the power spectral density (PSD) matrix is calculated as follows. 
with E, F s , L and w(n) being the frequency domain EMG signal, sampling frequency, FFT length and window function respectively. Note that, a Hamming window was used to avoid the spectral leakage. The MNF can be calculated as 
where j f and P j are the frequency and PSD at frequency bin j, respectively, and M is the length of the frequency bin. Note that, M has a lower bound of M ≥ L. The MDF can be defined as the frequency at which the spectrum is divided into two regions with equal amplitude. Therefore, the MDF can be calculated as
IV. RESULTS OF THE EXPERIMENT
A. Time Domain Features Analysis
Five time domain features of the EMG signal have been demonstrated in Fig. 2 . The features are obtained according to (1)-(5). Based on the features it can be observed that, the Trap muscle is activated more than ES muscle in all positions during Salat. As demonstrated in the figure, the overall trend of EMG activity of the two muscles is opposite to each other. For example, MAV, RMS and VAR feature have shown that, Trap muscle is contracted during bowing and prostration positions while the ES muscle is relaxed at those positions. However, IEMG is almost same for those two positions. On the other hand, ZC has indicated the opposite trend during those positions. In case of the standing position, almost all features indicated same values for two muscles except for the RMS feature which shows a large gap for the Trap and ES muscles.
In Fig. 3 MAV and RMS features are compared for two muscles according to the four positions of Salat. There was a significant correlation found for RMS feature in four positions of ES muscle. But, the EMG fluctuation of ES occurs in an alternate fashion. This implies that, the frequency changes alternatively over positions during prayer. This will be verified by using frequency domain features in next section.
B. Frequency Domain Features Analysis
Two frequency domain features of the EMG signal have been demonstrated in Fig. 4 . First, we specify a time window of 7 sec. for each position. Next we calculate the MNF and MDF according to (6) and (7) . Note that, FFT window size L=2048. In this study, L=M was used as it was found in [7] that, larger M provides better result. The MNF and MDF for each position of all trial are calculated for all subjects. We use smooth function to demonstrate MNF and MDF curves of each position after averaging the values recorded from each subjects. As depicted in the figure, MNF is higher in standing and sitting position when compared with bowing and prostration positions. Similar trend was found in case of MDF. This implies that, EMG activity of ES muscle is stronger in standing and sitting than other positions. In other word, the ES is relaxed in bowing and prostration positions during Salat. In short, the lumber muscle exhibits contraction and relaxation alternatively so that, the repetitive body movement may not result any muscle fatigue during the Salat.
FINDINGS AND DISCUSSIONS
The finding of the study is twofold. Firstly, it has been found that the activity of the upper back muscle has a strong correlation with that of the lower back muscle during Salat performance. Also, although the activity of the upper back muscle is stronger than that of the lower back, the upper back remains more stable than lumber muscle. Secondly, it has been found that, there is a very small possibility of muscle fatigue in the back muscle during Salat. However, extra care should be taken for those who have a history of back pain during longer version of prayer such as 'Tarawih' where the four positions are performed repetitively for a longer period. Furthermore, back pain is one of the common muscular complications among the senior Muslim citizens which often restrain them to perform Salat in ideal approach. The back assisted equipment such as; chair, is often seen in the Mosques to help those prayees. This study will help the rehabilitation engineers to develop a proper back support system for the senior citizens as well as for those suffering from back pain to perform Salat properly.
There are few limitations of the study as follows. The subjects of the study are young. The investigation on the elder subjects would give more insightful findings of the study. Only two channel EMG was used to acquire data. However, advanced surface electrode array can be used to identify behavior of the back muscles more precisely.
CONCLUSIONS
In this paper, we investigated the EMG activity of two muscles in lower and upper back of human body while the subject is performing Salat. Time and frequency domain features of EMG signals were examined for four different 
